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GRASSHOPPERS AND THEIR CONTROL ON SUGAR 
BEETS AND TRUCK CROPS. 

Uy P. B. MlLLIKEN, 

Scientific Assixlant, Truck Crop and Stored Product Insect Investigations. 
INTRODUCTION. 

Grasshoppors may injure crops in many parts of the United States, 
although the area having an annual rainfall of loss than 25 inchoa 
is moro subject to their attacks. This includes the country lying 
west of tho Mississippi 
Rivor, with tho excep- 
tion of a strip from 100 
to 200 miles wido bor- 
dering that river, and 
a portion of tho northorn 
Pacific States. In the 
eastorn part of the somi- 
arid region about equal 
damago is done to up- 
land and lowland crops. 
Farthor west tho ab- 
senco of upland vegeta- 
tion formorly confined 
tho insoots to tho bot- 
toms along streams 
where they dostroyod a much largor proportion of tho crops. 

In rocont outbreaks all of tho grasshoppers concerned have been 
native species whose ravages have been limited to crops in tho neigh- 
borhood of thoir birthplace, and unloss control measures are adopted 
against thorn further agricultural dovolopmont of tho somiarid region 
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Fro.t.— Map ot Kansas and neighboring states, showing location 
of grasshopper outbreaks during the years 1911, 1912, and 1013. 
(Original.) 
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will bo followed by increased damage As might bo oxpectod, succu- 
lent truck crops and sugar hoots, in a rogiou that is almost barron of 
other tender vogotation, aro attacked by many insects, and among 
the first of theso aro the native grasshoppers. 

In 1913 occurred the worst outbreak soen in Kansas for yoars. 
(See map, fig. 1.) Pooplo woro forced to apply control measures on 




Fio. 2.— ThB differential grasshopper ( ifelanoplut ilfftrtntMls): Adult. Enlarged. (Original.) 



a larger scnlo than ovor boforo. All crops such as sweot corn, onions, 
and rhubarb sufforod sovoroly. Taking the country ovor, it is likely 
that overy kind of gardon and truck crop suffered damage from 
grasshopper attacks. As a rosult, progrossivo growers aro eagerly 
seeking provontivo and romodial measures. 

DESCRIPTION. 

Tho four spocios which accomplished most of the injury to Kansas 
truck crops during 1911, 1912, and 1913 wero tho differential grass- 
hopper (Melanoplua differential-is Thomas), tho two-lined grasshopper 




Fio. 3. — Two-lined grasshopper ( Sftlamrptiu blvitlatiu): Adult. Enlarged. (Original.) 



(M. bxvittatus Say), tho lossor migratory grasshopper (M. atlanis 
Riley), and one for which tho writer- knows no common name, but 
which, in view of its scientific namo, Aeoloplus bruneri Caudoll, wo 
may call " tho Bruner grasshoppor." The adults of all four spocies 
intorminglo during July and August. 

Tho differential and the two-lined grasshoppers aro tho two large 
spocies having yollow bodios from 1 inch to 1^ inchos long. Tho 
hoad and nock of tho differential grasshoppor (fig. 2) boar few if any 
dark markings, tho forowings aro uniform light olivo-groon, and tho 
outsido of oach hind thigh boars a row of black V's that open back- 
ward, with a row of black dots just below. 

Tho two -lined grasshopper (fig. 3) receives its namo from tho two 
yellow stripos that oxtend backward, one from eacli eye, across tho 
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neck and f orewings, with a stripe of dark brown between. A black 
stripo on the hind thigh extends almost its entire length on the out- 
side upper half, and the slender second joint is usually bluish-green. 

The lesser migratory grasshopper derives its name from its re- 
semblance in markings and hahits to its destructive relative, the 

Rocky Mountain or migratory 

grasshopper. Its body is from " 

three-fourths to 1 inch in length, J 
and is yellowish-brown with darker 

markings. There is a resemblance f 
between this species and the red- V mm $ 

legged grasshopper, which is found TJpT 
over about the same territory. jjfljfci 
The type may be recognized by rM '"Zm^ 

the dark band on the front two- J JH& \ 

thirds of the upper half of tho ' & $ i '-li 

neck, a light stripe on each side i 1A& A 

from the base of the wing to tbe S 1 

socket of the hind leg, and three I 
dark bands across the top and 1 
down each side of tbe hind thighs. [ 
Through the center of each front 

wing a light stripe runs lengthwise, ' 1 



ing several squarish dark patches. 

The tbick-sct body of the Bruner grasshopper (fig. 4) is about 1 
inch in length and is of a greenish-yellow color. Three bluisb-green 
stripes extend from the head backward across tbe neck, one on top 
and one on each side. The front wings are olive green, finely netted 
with yellow cross veins, and with a wedge-shaped area lengthwise 
through the center, bearing light and dark patches. Three bluish- 
green zigzag stripes on the hind thighs extend across the upper sur- 
face and down on each side. 



Between the time of maturity, which differs for each species, 
and freezing weather tbe females deposit their eggs, selecting for this 
purpose firm soil in a well-drained location. A holo is formod by 
working the abdomon downward and backward into the soil as far as 
it will go, and the eggs aro deposited therein, one at a time, as the 
abdomen is slowly withdrawn. (Fig. 5.) A white, frothy liquid, de- 
posited with tho eggs, fills the spaces among them and moistens the 
walls of tho hole. As tho liquid drios, it hardons, cementing the. 
yellowish-brown eggs and moist soil into a curved, cylindrical capsule.. 



widening backward, and contain- 




EGG LAYING. 



(Figs. 6, 7.) 
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Abandoned fields, turn rows, the undisturbed strips under fences, 
along neglected roadsides (see fig. 8), and on banks of irrigating 
ditches, and buffalo sod along the edges of infested fields are favorable 
places for egg laying. 

DEVELOPMENT. 

The eggs hatch about the time of the last spring frosts, when warm 
weather is assured. The young grasshoppers push upward to the 
surface and soon hegin feeding on the nearest vegetation. At first 
they aro from ono-cighth to thr co-sixteenths of an inch in length and 
almost white. Exposure to light and air soon develops dark patches 




Flo. s.— Differential grasshopper laying eggs. Enlarged. (Original.) 



in the skins, which make them difficult of detection when resting on 
soil or dead vegetation. Under favorable weather conditions the 
grasshoppers increaso rapidly in size. The old skins stretch, are 
finally rupturod, and the young insects escape. This is the process 
known as molting and occurs fivo times heforo the grasshoppers are 
full grown. The newly acquired skins arc very elastic for a short 
period after molting, and during this time there is a further rapid 
increaso in size. The wing pads on the sides of the hody above the 
legs become larger with each molt, the wings being fully developed 
after the last molt has taken place. 
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HABITS. 

Tho young grasshoppers aro most activo on: clear, warm days, 
during which they feed much of tho time. At night and during cool 
days they seek shelter among standing vegetation or undor rubbish 




Fia. 8.— Egg capsules of the differential grasshopper, enlarged 1 j times. (Original.) 



and clods. They travel by jumping and crawling and are exhausted 
by slight exertion. 

The adults of the lesser migratory grasshopper can fly long dis- 
tances, but never do so except in search of food or to escape unfavor- 
able conditions. The adults of the other three species under con- 
sideration have wings that are small in proportion to the size of their 




Fio. 7.— Egg capsules of the Bnraer grasshopper, 1J times natural size. 1, dorsal view; 1, lateral view; 
3, ventral view; 4, dorsal view oE eggs In capsule; 5, lateral view of eggs in capsule. (Original.) 

bodies and they can not fly far. Only a lack of food or very unfavor- 
able surroundings will produce a migration to any groat distance. 
Lack of suitablo ground in wbich to deposit eggs may produce short 
migrations in all spocies, but it is probablo that all of our injurious 
native species remain within 1 mile of their birthplace. 
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CLIMATIC CHECKS. 

After grasshoppers become established in a locality thoy will not 
starve during an ordinary drought. The variety of plants they can 
use for food enables the young to mature if any vegetation starts 
in tho spring. After maturity the adults can always find enough 
food to keep them alivo until the eggs are laid. 

When exposed to the sun on hot days, soft dirt, with hard dry 
soil below, reaches a temperature above 150° F. Grasshoppers can 
not deposit eggs in such hot soil and therefore seek shaded ground 
for egg laying. This sometimes results in eggs being placed in poorly 
drained or heavy land, while others are placed in soil that bocomes 




Ha. 8.— A neglected roadside. Russian thistles, sagebrush, and other weeds, interspersed with buffalo 
sod, form an ideal breeding ground for grasshoppers. (Original.) 



overheated later. Inoither caso tho vitality of tho qggs is materially 
affected, often to the extent of being destroyed, as was noted during 
the hot weather of 1913, Which was partly responsible for tho reduc- 
tion in the number of grasshoppers hatching tho following year. 

NATURAL ENEMIES. 

ENEMIES OF THE EGGS. 

Two of the most effectiv-o enemies of grasshopper eggs in Kansas 
are the larvae of the beo flies 1 and of blister beetles.' (See figs. 9 and 
10.) These are white, grublike creatures that burrow into the cap- 



1 Bombyllidse. 



i Keloids. 
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sules when fresh and feed upon tho grasshopper eggs until they attain 
full growth. 

A small waspliko parasito, 1 from one-eighth to threo-sixtoenths of 
an inch in length, has been roared from the eggs of tho differential 
grasshopper, the two-lined grasshopper, and others. Tho female 
parasites cling to the bodies of female grasshoppers until the latter 
lay their eggs. As a grasshopper digs tho tunnel in which to deposit 
hor eggs tho parasites crowd into it along her abdomen, and thrust 
their eggs singly, one into each grasshopper egg. The developing 
parasites then feed on the contents of tho grasshopper eggs, destroy- 
ing them. 

Small rodents (mice, ground squirrels, and perhaps many others) 
and moles dig over egg-infested land, especially around tho bases of 




Fia. 9. — Grasshopper egg capsules and the bee-fly larvro and coarctate larvffi o( blister beetles that were 
collected along the roadside shown In Qgure 8; 53 ot these parasitic larva; were found In the grasshopper 
egg capsules collected in one hour. About natural site. (Original.) 

weed stalks, to securo the capsules for food. Skunks share in this 
work, as indicated by the larger holes, footprints, and other traces. 
Hogs also eat the oggs and will turn the soil ovor thoroughly to obtain 
them. 

ENEMIES OF THE YOUNG AND ADULTS. 

A rod mite, which is reported to have destroyed many of the 
Rocky Mountain grasshoppers during the seventies, docs net kill 
many ef our native species. The writer counted 135 of theso inites 
on a single adult grasshopper which was still very active. 



■ Scelia mnnticoli Briies. 
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Young grasshoppers are frequently stung by female wasps, paralysis 
follows, and they are thon stored to nourish the wasp larvte. Several 
dozen helpless young grasshoppers have been dug from a singlo wasp 




Ho. 10.— Blister beetles: Coarctate larvas (winter stage) of several species, 1} times natural sfse. M 
bottom are two as found, partly within the grasshopper egg capsules. Host blister-beetle larvas before 
transforming burrow some distance from the egg capsules In which they feed. (Original.) 

burrow. Tho larger spiders as well as ground beetles feed on such 
grasshoppers as they can secure. Parasitic flies deposit their eggs or 
living young on tho grasshoppors and tho maggots enter tho body 
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and feed until grown, when they tear their way out, killing the 
grasshopper. Those flies boceme very abundant in the fall of years 
of sovero grasshopper outbreaks. 

Toads, practically all lizards, and semo snakes, feed to a consider- 
able extont on grasshoppers. Cats and greund squirrels have been 
seon to catch and oat those of tho larger species. Birds, practically 
all of which feed upon grasshoppers, destroy large numbers of both 
young and adults. 

In some places chickens, turkeys, and guinea fewl are raised to 
catch them, constituting one of the most practical means of checking 
their outbreaks. 

The chinch-bug fungus is known to kill large numbers of grass- 
hoppers. In localities of eastern and central Kansas tho differential 
and two-lined grasshoppers wore almost wiped out by this disease 
during tho fall of 1911. While the Bruner grasshopper was maturing 
during Juno of 1913, many nymphs and adults were killed by it. 
Roports of grasshoppors dying in western Kansas during the same 
period indicated a widespread outhreak of the disease. Its pres- 
ence among the grasshoppers is easily recognized, as the dead insects 
remain clinging to the tips of weeds and grass, sometimes several in 
a cluster. 

CONTROL MEASURES. 

The control measures heroin recommended are the most effoctive 
that have heen tried in Kansas during the years 1911 to 1914, and 
when carefully applied the value of the crep saved will he soveral 
times tho cest of application. These measures come under two 
heads: (1) Thoso for destroying the grasshopper eggs, and (2) those 
for destroying the young and adult grasshoppers. 

DESTRUCTION OP THE EGGS. 
PLOWING. 

If egg-infested land requires plowing for the next crop, no other 
treatment need be given. However, the plowing should be at least 
6 inches deep and should be finished as much befoie April 15 as pos- 
sible. This covers the eggs so deeply that the young can not get out 
when they hatch. 

HARROWING AND DIRKINQ. 

If plowing is unnecessary for the following crop, tho eggs can be 
destroyed with little expense by stirring the ground to a depth of 
about 2 inches by March 1. This breaks and crushes many capsules 
and exposes others to the attacks of enemies and disease, as well as 
to drying and freezing. In clean ground that is soft enough a heavy 
harrow will stir tho soil sufficiently. Three or four sections drawn 
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by five horses will cover the ground rapidly. In heavy soils, weedy 
fields, alfalfa, or land in which patches of sod occur, the disk harrow 
is required ; hut in alfalfa it should not be set deep enough to cut off 
the crowns of the plants. The land should be left rough to expose 
as many eggs as possible, and after hard freezing weather it should 
be harrowed to expose any eggs that may have heen covered before. 

It is difficult to destroy eggs in buffalo sod. Breaking is not usu- 
ally done deep enough to keep the young from escaping or the slices 
of sod aro not left close enough together. No other cultivation can 
be given sod land. Hogs will root out and eat some of the eggs, but 
their use is not practicable for a largo area. The egg-infested sod 
should be left until the young have hatched, when they ean be killed 
by burning or by one of the other methods recommended for their 
destruction. Scattered clumps of egg-infested grass in turn rows, 
under fences, in abandoned fields, or along roadsides should be 
chopped out before March 1 with a heavy hoe or a spade. 

DESTRUCTION OP THE YOUNG AND ADULTS. 

POISONED BRAN MASH. 

During 1911, 1912, and 1913 a bait of poisoned bran mash was used 
very successfully in Kansas to cheek outbreaks of native grasshop- 
pers. In 1913 alone more than 1,000 tons were provided at public 
oxpense in about 20 counties of western Kansas and spread on 
grasshopper-infested land. This bait has been successfully used since 
then against grasshoppers in New York, Canada, California, and 
Florida. 

The proportion and quantities of ingredients that can be most 
easily bandied are given in the following formula : 1 



Bran ....pounds.. 26 

Paris green or white arsenic do 1 

Oranges or lemons 6 

Cheap sirup or molasses quarts. . 2 

Water gallons.. J 3 



Mix the dry bran and poison in a washtub. Add the sirup and 
the juice and finely chopped pulp and peel of the fruit to the water. 
Then pour the water over the mixture of bran and poison, stirring 
to dampen it thoroughly and add as much moro water as the bait will 

1 Th« addition of oranges or lemons to the poisoned bran mash was made as a result of the author's 
work with the Kansas Agricultural Experiment Station during 1911. The Increased effectiveness of the 
bait when applied broadcast, with the accompanying elimination of the danger to poultry and live 
stock, was also established at this time. 

' Three gallons of water may be sufficient for 25 pounds of bran where It Is to be used In a humid 
climate; but In the semiarld region at least 4 gallons must be used, otherwise the bait dries too rapidly 
to give the maximum efllclency. When It Is scattered the bait should carry all of the moisture It can 
Without losing any. Whether or not 3 gallons of water is sufficient for 25 pounds can be readily deter- 
mined by adding that much water to 25 pounds of bran. In Kansas there would be no difficulty in 
adding 4 gallons, If half n gallon of sirup. Is used. The writer would add 41 gallons of water. It is diUloult 
to believe that bran will hold so much water until one has seen the fact demonstrated. 
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hold, usually about 1 gallon. White fresh, the wet fruity mash is very 
attractive to grasshoppers; but when dry or stale it is not eaten. 
The bait is applied by sowing it broadcast on the infested land late 
in the evening or early in the morning. Very early morning is to bo 
preferred, as the grasshoppers are then just beginning to feed, and 
they have a longer time to cat before it dries than if it were applied 
at any other time. Tho bait should not bo spread just before a shower, 
as rain washes the poison from tho bran flakes, leaving them harm- 
less. Little of the bait is eaten after the first day, even in damp 
weather. Therefore several applications may bo necessary to check 
damage by grasshoppers in badly infested fields, or to keep injurious 
numbers from drifting into a field. 

Tho amount of bait prepared by using tho quantities of ingredi- 
ents given in the formula will sow 6 acres of heavily infested land. 
This makes the cost of one application about 25 cents per acre. 
Ordinarily this amount should be spread over about 12 acres, which 
reduces the cost to 15 cents per acre or less. When tho bait is to bo 
applied a small quantity of known weight should be mixed and 
sown that it may be ascertained how very little is required when 
only 2 to 4 pounds of bran are to be used to the acre. 

Neither domestic animals nor birds can secure enough of the poi- 
soned bait to kill them, if it is scattered evenly as directed. However, 
a few cautions regarding its uso may not bo out of place. It should 
never be placed in heaps or scattered thickly. The poison and 
mixed bait should be kept out of the reach of children and of domestic 
animals. ' Utensils used in handling tho bait should be thoroughly 
scrubbed before being used for any other purpose. The dry, pow- 
dery poisons should not be exposed to the wind or handled roughly 
or carelessly. The bran and poison should bo^mixed with a spado 
or wooden paddle. If tho hands are used for this purpose enough 
poison may bo absorbed by the back of the hands and the forearms 
to cause severe intestinal cramps and diarrhea. However, tho writer 
has never known poisoning to occur simply from sowing the wet 
bait barehanded. 

THE HOWERDOZEB. 

The hopperdozer is an old device for using kerosene, crude oil, 
or tar in catching grasshoppers and was developed during the migra- 
tory grasshopper years of 1874-1876. It consists of shallow sheet- 
iron pans, containing tho oil or tar, which are mounted on low 
wheels or sled runners. An upright screen at the back catches the 
"hoppers" as the machine is drawn forward. 

Tho hopperdozer is simple in construction. (See fig. 1 1.) The pan 
is made by turning up 6 inches of tho edge of a sheet of galvanized 
iron, 8 feet long and 30 inches wide. Two inches of tho edge is then 
turned down over the pan to prevent slopping, and two partitions 
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soldcrod across it to keep the liquid from running to one end and 
spilling when operated on sloping ground. The sled floor is 18i 
inches from front to rear, being mado of one board 1 by 6 inches and 
one 1 by 12 inches with a narrow spaco between. It can be either 
8 or 15 feet long to hold either one or two pans. A strip 1 by 4 inches 
on edgo around it keeps the pans from sliding off. The runners are 
pieces of 2 hy 4 lumber 4 feet long, laid flat and rounded at the front 
ends. They should extend about equal distances in front of and 
behind the floor. An 8-foot sled needs two runners and a 15-foot 
sled needs three. The screen behind the pans should be of oilcloth, 
smooth side forward, nailed to uprights at the back of the sled. 
The hitch is inado hy nailing a 2 hy 4 across tho runners in front of the 
pan and letting the ends project 2 or 3 feet at each sido. Each end 

is braced by a board 
\ -s, extending to the end 

of the runner behind 
the pan. 

For use, the com- 
partments of the pan 
should be half filled 
with water and enough 
v " J^'s kerosene or crude oil 

should be added to 
form a film. If tar is 
used, a thin layer is 
spread in the bottoms 
of the otherwise empty 
pans. As the hopper- 
dozer is drawn forward 
the grasshoppers jump 
up and fall into the 
pan, or striko against 
the screen at the back and drop in, Contact with a little tar or a 
wetting with the oil kills them, even though they jump out after- 
wards. The dead that collect must be shoveled out at intervals and 
the tar or oil and water replaced. 

When largo fields of fairly level land are to be treated with the 
hoppcrdozer, two or three pans are often set on the teeth of a sweep 
rako. This makes the work easy for the team, but on rough ground 
the liquid slops hadly. In such cases two slods holding two pans 
each, having for runners pieces of 2 by 4 set on edge, should be 
placed end to end. The two adjacent runners should be loosely bolted 
together through a 2 by 4, which is placed on edge between them. The 
middle 2 by 4 should project behind from 4 to 5 feet, and from its end a 
strong wire should be stretched to the outer back corner of each sled. 




Fio. II. 



-A successful type of horss-drawn hopp«rdoier. 
(Ordinal.) 
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This wire and the 2 by 4 brace the "double" hepperdozer so that it 
can be drawn by twe teams, one hitched at each end. Being flexible in 
tbe middle, it can be used en very uneven ground that will sometimes 
tbrow tbe ends much higher er much lewcr than the middle. Of 
course the screens at the back must be arranged so as not to interfere. 
The wido sweep (30 feet) of this hopperdozer enables the ground to be 
covered rapidly, which is very important during severe outbreaks, 
and the teams are se far apart that they do not drive many grass- 
hoppers befere tbem. 

BURNING. 

Sometimes many grasshoppers hatch in dead vegetation where 
they can be destroyed hy burning. This frequently occurs on 
buffalo sod, in neglected fields, or along roadsides. Burning is then 
the cheapest and most effective means of killing tbem. If there 
is not enough dead vegetation to carry the fire, some old hay or straw 
scattered through the infested area will help to produce enough heat 
to kill the insects. Opportunities for destroying native grasshoppers 
by burning should not be neglected. A sufficient number can batch 
in one-fourth of an acre of sod to ruin a neighboring garden, yet half 
a day's work and a load of straw or old hay would burn them all. 

UTILIZATION OF POULTRY. 

Where grasshoppers are an annual post, farmers can protect tbeir 
crops and make a profit on the insects by raising poultry to catcb 
them. The value of chickens and turkeys in destroying grass- 
hoppers is proved anew by each succeeding outbreak, yet com- 
paratively few farmers utilize them as a means of control. 

During the late nineties many turkeys were raised to catch grass- 
hoppers on the valley lands along the Solomon River in northern 
Kansas. Children berded the flocks where grasshoppers were the 
most destructive, and so successful was this method of saving crops 
that more farmers adopted it every year until that scries of grass- 
hopper outbreaks ended. 

Near Scott City, Kans., during 1911, the second crop of alfalfa on a 
100-acre field was badly damaged. The owner secured about 100 
turkeys and turned them into the field. When the writer visited the 
place during the third week of August a few of the lesser migratory 
grasshoppers that could escape capture by flight were the only ones 
present. The alfalfa was uninjured and was then about 18 inches 
high. 

In June, 1912, the writer constructed a portable henhouse for about 
36 grown chickens. It was located on or along the edges of grass- 
bopper-infested fields, being moved to a new place when no "hoppers" 
were left near by. This flock was fed only a little grain, and while not 
quite so many eggs were obtained from the hens in comparison with 
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hons handled in tho ordinary way, many grasshoppers were caught 
and tho hens acquired such, a taste for thorn that upon being returned 
to tho barnyard they ranged far and near in search of insects. 

Tho Kansas Experiment Station at Garden City bought several 
hundred chicks in an offort to save thoir crops during tho sovore grass- 
hopper outbreak of 1913. A wooden framowork, on low trucks, 
constructed of 2 by 4 material, was built and coverod outside with 
poultry netting and inside with canvas. This portable chicken house 
was easily hauled from place to place, and was considered the most 
effective means yet adopted in destroying grasshoppers. 

During 1913, near Garden City, rhubarb was attacked by grasshop- 
pers that were rapidly stripping tho leaves. Tho gardener placed in 
separata coops near it three hens with a total of about 40 active 
chicks. A few days later tho rhubarb was free from grasshoppers 
and the chicks were catching others in adjacent parts of the garden. 

UTILISATION' OP HOGS. 

Hogs of all ages become very fond of grasshoppers whenever they 
aro allowed tho run of infested land. They are reported as efficient 
destroyers of both grasshoppers and their eggs. A small lot in a 
field which had been left for alfalfa seed was fenced as pasture for 
a fow hogs. Grasshoppers damaged tho entire field except in the 
hog lot, where a good crop of seed was set. 

PBOTECTING HUG A ft BEETS. TBUCK CROPS, AND GABDENS. 

Land prepared for sugar boets is usually plowed more than 10 inches 
doop. This is often done lato in tho fall or early in the winter. 
Throughout the summer tho growing bcots require frequent cultiva- 
tion, which drives away grasshoppers that wish to lay eggs. Digging 
tho heets in tho fall stirs tho surface soil so much that any ogg cap- 
sules in it aro injured or exposed. Only along the edges of fields 
and, in irrigated districts, on the banks of ditches is there any danger 
of eggs being left undisturbed. 

Many truck and garden crops are grown on land that is plowed deep 
lato in tho fall or during tho winter. Thoy also require frequent 
summer cultivation and, with some, tho ground is stirred by harvest- 
ing. Consequently there is not much danger of such fields being used 
by grasshoppers for egg-laying purposes. From the facts mentioned 
it is evident that grasshopper damage to sugar bcots, truck crops, and 
gardens is tho result of invasion from adjoining infested land. 

If many grasshoppers aro present during August and September a 
search should bo made to locate thoir eggs. Clumps of grass should 
bo chopped out and torn to pieces. Here and there in suspected 
huffalo sod a squaro foot of ground should bo examined to a depth 
of about 2 inches for oggs. Where the soil is more easily worked the 
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Bpaces examined may be a yard square. An average over a large 
area of one capsule of eggs per squaro yard means a severe outbreak 
the noxt year. From each capsule that remains sound 25 to 150 
young may hatch. Spots well suited to egg laying are often more 
heavily infested than this. 

When the eggs have been located, measures for their destruction 
can be applied. These should he delayed until the parent grass- 
hoppers die, in order that no moro eggs may be deposited. If the 
egg-infested land requires plowing for the next year's crop, no other 
treatment need bo given. When plowing ia not required, the harrow 
or disk may bo used. Suitable treatment should be given the edges 
of fields, ditch banks, turn rows, abandoned fields, roadsides, or any 
other places where eggs are to be found. Scattering clumps of egg- 
infested grasses should be uprooted, even wben tbe surrounding land 
receives no treatment. 

Where the eggs can not be destroyed, tbe infested area should be 
watched and tbo young killed when they hatch in the spring. On 
waste land, pastures, and sod that can be burned over, fire is the best 
means of destroying them. If it can not be used, and young chicks 
or turkeys are available, these should be put into a portable benhouse 
and located between the infested land and any field into which the 
young grasshoppers are likely to go. The flock can be moved to a 
fresh location as the land near by is cleared of "hoppers." In tbis 
way the grasshoppers can be worked back from the field and the 
danger of invasion lessened. If the infested area is large, the poultry 
may he brought almost to maturity with a comparatively small out- 
l*y for feed and with a constantly decreasing number of grasshoppers 
that will be left to deposit eggs in the fall. 

There should be no delay wben grasshoppers hatch in great numbers 
over a large area, for tho expense and difficulty of combating them 
increase rapidly as they grow larger. If no other means of control 
are ready' for use at onco, the poisoned bait or the hopperdozer must 
he relied upon. The time available for the work, the cost of appli- 
cation, and perhaps other factors must be considered in choosing 
between tho two methods. The bait is cheaper, less time is required 
to treat land with it than with the hopperdozer, and it can be pre- 
pared in any quantity. With a 2-gallon pail of bait one can sow in 
fields and in locations the character of which makes the use of the 
hopperdozer impossible Consequently tbis method is most fre- 
quently chosen. 

If grasshoppers have already invaded a beet field or garden, the 
bait must bo applied all over it. Several applications at intervals 
of two days are sometimes necessary to check tho injury. The 
infested land from which the grasshoppers are coming should also be 
treated vigorously with the most suitable method. Around the 
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edges of fields, and in fields where tbe crop permits it, a tubful of bait 
can bo plaood on a sled or in a wagon, and the driver can sow from 
it, thus gotting ovor tho ground rapidly. Tho "hoppers" in fields of 
low-growing crops can be caught with a hopper dozer if time permits 
and teams aro available. But in fields of tall-growing crops, where 
many grasshoppers are on the plants at all times, a modified bait 
should be used. It is prepared by using throe or four times tho usual 
quantity of sirup and correspondingly less water. It should bo ap- 
plied by throwing small quantities among the tops of the plants so 
tbat it will stick to the leaves or hlades. There it will attract the 
grasshoppers immediately. The poison is washed off by rains or 
shaken off by handling, so tbero is no danger to animals tbat feed on 
crops treated in this mannor. This sticky bait should also be thrown 
among the tops of bushes or trees in which tho insects feed. 

ESSENTIALS FOR SUCCESSFUL WORK. 

The most frequent causes of failure to check grasshopper outbreaks 
when methods of control are applied aro (1) lack of cooperation 
among tho landowners of the infested community and (2) misdi- 
rected or careless application of recommended control measures. 
The former, however, is more often the cause. 

In many localities part of the land is held by speculators, wbo often 
permit it to lie idle for several years in succession. If such land is 
in sod, grasshoppers uso only tho outskirts for depositing eggs, but if 
it has been broken and then neglected, a sufficiently heavy growth of 
weeds is of ton produced to mako it a breeding placo for large numbers 
of grasshoppers. Where there is much of sucb land in a community 
tho grasshoppers must bo destroyed on it, as well as on the edges of 
cultivated fields, along roadsides, or on pasture land; otherwise it 
bocomes tho eenter from which "hoppers" scatter to the crops on 
adjoining fields. 
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